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§7. Stab le Long-Term Operation of the SC 
Current Feeder System for LHD 
Yamada, S. 
The SC current feeder system should be reliable, and it 
is desired to be operation free system. The conventional 
gas-cooled current leads with helium storage are applied to 
attain the stable current-carrying properties at a rated current. 
The temperature of the warm-end terminal of the lead 
depends on the heat balance between the cooling condition 
and heat inputs. When the ice covers on the terminal of the 
lead, its may gradually grow to the large block, because the 
ice will act like an adiabatic materials. To suppress the 
growth of the ice on the leads, the mass flow rates of all 
leads has been decreased to 70% of the rated values during 
the night, and ices had been extracted on every weekend in 
the first and second experimental cycles. 
To release these manipulation and maintenance of the 
leads, two electrical heaters were attached on the terminals 
of all leads before starting the third experimental cycle in 
1999 FY. The temperature of the terminals has been 
controlled in the range between 5 and 20 degree Celsius. 
Figure 1 gives a typical example of the steady-state 
operation in the 5th cycle; (a) coil current, (b) total mass 
flow rate of nine SC bus lines, (c) mass flow rate of the 
current leads for helical coils, and (d) liquid helium levels in 
the sub-coolers. The SC coils of the LHD produce 
equilibrium magnetic field without plasma current, so that 
they are continuously charged up for nine or twelve hours in 
sub-cooler and returned to the coldbox. The Joule heats in 
the leads are automatically absorbed by the small changes of 
the heater powers in the sub-cooler, and the pressure and 
temperature of the helium gas in the sub-cooler, during the 
coil excitation phase. In a steady-state, the heaters auto-
matically adjust the overall heat balance between the SC 
current-feeder system and the refrigerator/liquefier system. 
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Fig.! Typical example of the steady-state operation 
of the SC current feeder system. 
~ 1000 800 
.... 
~ 600 
5thCvcle 
I-Sub.cOOle~~~ Sub· cooler 
I I I 
a daytime. Total mass flow rate of two phase helium of ( a) 0 p.. 400 
.... 
J 1 J .. r 
nine SC bus lines had been kept in constant value of 90 gls. 
In generally, mass flow rate of the current lead should be 
adjusted to the suitable value in response to the current 
carrying rate. However, the mass flow rates in this system 
have been kept in constant value, even if the coil current 
changes from zero to the nominal value of 3 T operation. 
Figure 2 shows a typical example of the automatic 
(b) 
heat-balance adjustment; (a) heater powers in the sub- (c) 
coolers, (b) pressures in the sub-coolers and recovery line, 
(c) liquid helium levels in the leads, and (d) temperature of 
the helium gas returned to the coldbox. The mass flow rate 
and current carrying rate influence the cooling conditions of ( d) 
the current leads. However, both liquid helium levels in 
the sub-cooler and current leads will automatically equalize 
by a siphon method without the mass-flow adjustment in the 
~ 
Q) 
:r: 
'I:' 
«l 
e 
Q) 
.... 
~ 
J; 
~ 
v 
:> 
.3 
Q) 
:r: 
"'0 
'5 
0'" 
'03 
g 
Q) 
.... 
.3 
«l 
.... 
Q) 
E 
C1) 
E-< 
200 
1.4 
1.3 
12 
1.1 
1.0 
80.0 
60.0 
41.0 
20.0 
0.0 
8.0 
6.0 
4.0 
2.0 
0.0 
lo~m 
.. 
...... 
.1.. 
I , I 1 
I ....... Sub-coOlet<H?t J ---Sub· c 0 olet (P) 
....... Recoverv Line 
l l l l 
-
y t"'" 
-OV(+) 
I-IS(+) 
~IV(+) 
~OV(.) IS (::)r-~IV(~ 
- -
....... 
I Sub· co olet <H?l---Sub· cooler (P) I 
IOIlOJUl IOJI1.01 10112m 10113m 
Date (M/DIY) leads. Even if the mass-flow rates of the current leads were 
less than that of the self-cooling condition, a part of the 
evaporated helium gas from the current leads flowed into the 
Fig.2 Typical example ofthe automatic adjustment 
of the heat balance in the system. 
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